Abstract
Introduction
Signal transduction occurs across the bacterial membrane, as does 74 glycosylation [13, 14] . Glycosylation is the covalent attachment of a glycan, or 75 carbohydrate chain, to a substrate such as a protein or a lipid [15, 16] . While protein 76 glycosylation was previously viewed as a eukaryotic process, it is now recognized as a 77 process that occurs across all domains of life [16] . In P. aeruginosa, only a few proteins 78 have been identified as glycosylated and these modifications do not necessarily occur in 79 all strains [17] . Known examples of glycosylation in P. aeruginosa include the flagella, possesses an enzyme initially identified as a neuraminidase, but following X-ray 103 crystallography and in silico docking experiments, the enzyme was determined to be a 104 pseudaminidase [45, 46] . This enzyme, PaNA, is encoded at locus PA2794 and was 105 initially of interest as a virulence factor. However, its role in the biology of the bacteria 106 remains uncharacterized [36, 44] .
107
A strain of P. aeruginosa PAO1 from which the neuraminidase gene PA2794 has 108 been deleted [44] , PAO1Δ2794, exhibited a pronounced over-expression of pyocyanin, 109 which is associated with the PQS arm of QS, compared to the wildtype strain. We 110 therefore hypothesized that the deletion of the neuraminidase resulted in an alteration of 111 the glycosylation of one or more proteins which led to this anomalous phenotype.
112
Indeed, lectin blots revealed a differential pattern of glycosylation between the wildtype 113 strain and the mutant Δ2794. We confirmed our initial observations by using a different 114 PaNA mutant, PW5679, generated in MPAO1 by transposon insertion. To determine 115 whether the QS phenotype observed is specific to pseudaminic acid, the target of Growth Curves: Growth curves were conducted by inoculating 100 ml of sterile LB broth 135 with 1 ml of overnight cultures. Cultures were grown at 37 o C with shaking at 260 rpm.
136
Optical Density at 600nm (OD600) was measured over the prescribed time course.
137
Culture supernatant was removed and stored at -20 o C for pyocyanin measurements.
138
Pellets for use in lectin blots were stored at -80 o C. Figure 1A ). As pyocyanin production is one QS readout, this observation suggests that produce more pyocyanin and sooner in the growth curve than wildtype populations.
214
The represented data are an average of an n=3 where the mutant is compared to its an anomalous QS phenomenon, namely the over-production of pyocyanin.
250
Pyocyanin production can be induced in the wildtype strains using conditioned media 251 We next asked whether this decoupling of pyocyanin production in the mutant 252 strains from population density was in fact a QS-regulated phenomenon. shows that the signal is transferable to the wildtype strains and the behavior is inducible 262 in PAO1 ( Figure 2A ) and MPAO1 ( Figure 2B ).
263
Fig 2 Wildtype strains can be induced to produce pyocyanin in conditioned media.
264
Pyocyanin is produced in the wildtype strains in response to growth in the presence of 265 10% conditioned media indicating transferability of the QS signaling molecules. where the mutant is compared to its corresponding wildtype at that timepoint.
270
Significance is indicated when *p≤0.05, **p≤0.01, ***p≤0.001, and ****p≤0.0001.
271
Importantly, while the behavior is inducible earlier in wildtype strains grown in 272 10% supernatant, these cultures also produced pyocyanin at a higher magnitude than 
282
Pyocyanin production relies on MvfR
283
We next asked whether pyocyanin production may be occurring through a 284 pathway other than the canonical PQS system of QS. To address this question, we 285 used an available mutant strain PW2812 which carries a disruption in the MvfR gene.
286
As expected, culture supernatant from the PaNA mutants, wildtypes, or PW2812 was 287 not able to induce pyocyanin production in the mvfR-mutant strain ( Figure 3A ).
288
However, culture supernatant from PW2812 was able to induce QS in the wildtype 289 MPAO1 ( Figure 3B) indicators that fucose may be a likely sugar to detect. Namely, the P. aeruginosa lectin
310
LecB is specific for fucose and has been shown to associate with the bacterial surface is beyond the scope of this work.
333
Fig 4 Glycosylation of P. aeruginosa is dynamic. Figure 4A shows that the lectin-334 binding pattern of fucose-specific Lotus lectin is dynamic over growth in wildtype 335 MPAO1 (n=3). Figure 4B shows that there are differences in the glcosylation pattern of 336 MPAO1 when it is induced to QS by growth in 10% culture supernatant from PW2812.
337
PW2812 is included as a control, but also shows differences from wildtype. Namely a to induce pyocyanin production above the background wildtypes in naïve culture media ( Figure 6 ). Even at 24 hours, the pyocyanin produced by induction was detected at a 392 higher magnitude than that of the uninduced wildtypes. to that signal.
433
One observed phenomenon during the course of this study is that over time the The contribution of MvfR to Pseudomonas aeruginosa pathogenesis and quorum 569 sensing circuitry regulation: multiple quorum sensing-regulated genes are modulated 570 without affecting lasRI, rhlRI or the production of N-acyl-L-homoserine lactones. 
